To investigate the energy consumption and emissions of Plug-in Hybrid Electric Vehicles (PHEVs) in China in 2020, we undertake a "Well-to-Wheel" lifecycle energy consumption and carbon emission analysis using the 'Greenhouse Gases, Regulated Emissions and Energy Use in Transport' model from the US Argonne National Laboratory. We find that PHEVs would reduce energy consumption by 37.5% and GHG emissions by 35% when compared to current gasoline vehicles under the predicted 2020 electricity generation mix. These savings would be higher under cleaner electricity generation mixes. These benefits are not substantially affected by changes in travel distances, battery ranges or charging frequencies.
Introduction
As the car stock in China grows, so does the contribution of transport CO2 emissions, the dependence on imported petroleum, and urban air pollution. Indeed, since the late 1990s these issues have been "a focus of interest for many research institutions" (Wang et al., 2006, p.3) .
With a vehicle fleet forecast to increase by 10% per year until 2020 (Wang et al., 2006, p.35) the introduction of alternative fuel vehicles may help ease the scale of the problem.
In this paper we explore the potential that Plug-in Hybrid Electric Vehicles (PHEVs) have to reduce gasoline consumption and CO2 emissions, and the role that battery range and charging frequency, daily distances driven and energy sources have within the realm of possible results.
In contrast with Off-Grid Hybrid Electric Vehicles (OGHEVs), which convert the vehicle's kinetic energy into battery-replenishing electric energy, or use the internal combustion engine to generate electricity by spinning an electrical generator to either recharge their batteries or to directly power the electric drive motor, Plug-in Hybrid Electric Vehicles (PHEVs) get the electricity from the grid and store it in an on-board battery. If the electricity is generated in a low-carbon way the potential for carbon emission savings is important, relative not just to conventional internal combustion engine (ICE) vehicles but also relative to OGHEVs. On top of that, PHEVs contain a dual power-train system capable of both electric drive or ICE drive alone and combined, unlike OGHEVs, which can only work on a combination of both.
For the reasons outlined above PHEVs constitute an advantageous vehicle/fuel option. In China, these technical, environmental and financial advantages, combined with the clear infrastructure compatibility, have been recently identified by the government. Indeed, the State Council of 6 PHEVs, however, may still constitute a good option. Production costs (and therefore the minimum price at which manufacturers will be willing to sell PHEVs) are not as large as those for pure Electric Vehicles (EVs) because of the reduced requirement for battery capacity (Weiss et al, 2000; EUCAR et. al, 2007) . This would not be the case though if there were a breakthrough in battery technology which lowered pure EV production costs substantially relative to PHEV. However, this is unlikely in the time frame considered in the present study. 2 Nevertheless, PHEVs also face many challenges. Although the batteries required are not as costly as those required by pure EVs, the capacity still needs to be high and that means higher production costs than conventional ICE cars. The battery capacity is one of the main problems that hybrid and pure electric vehicles face, as the electric driving range depends on the battery. Also, as mentioned above, the reduction in carbon emissions depends on how the electricity is generated. Bradley and Frank (2009) review the potential environmental benefits of PHEVs for the US and conclude that improvements to the electricity grid can yield environmental benefits in the PHEV fleet. Finally, people's travel behavior is an issue that is seldom mentioned but has an important role to play in carbon emission reduction, not just in the case of ICE vehicles but also in the case of PHEVs. By travel behavior in this study we are talking about refueling and battery charging frequency and daily distances driven, rather than mode, route or time of travel choice. This paper investigates PHEVs' lifecycle energy consumption and carbon emissions for the case of 2020 China using the Greenhouse Gas, Regulated Emissions and Energy Use in Transport (GREET) Model. 3 The development of the GREET model started in 1995 and was funded by the US Department of Energy's Office of Transportation Technologies. GREET was originally released by the Argonne National Laboratory in 1996 and since then has been constantly updated. The model can be used to estimate fuel lifecycle energy use and emissions associated with conventional and alternative transport fuels and vehicles. It covers both the Well-to-Pump and Pump-to-Wheel stages. In the Well-to-Pump stage it models energy use and 2 As a side note, some PHEVs are actually more expensive than pure EVs because of larger batteries.
A Volt is more expensive than a Leaf, for example.
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The version used here is GREET 1.8c and is downloadable for free from http://www.transportation.anl.gov/modeling_simulation/GREET/ emissions in the production, transport and storage of feedstock 4 and production, transport, distribution and storage of fuel. In the Pump-to-Wheel stage it models vehicle operation energy use and emissions, and covers refuelling, fuel combustion/conversion, fuel evaporation and tire/brake wear (Wang, 2001) .
The answers to a questionnaire conducted in China are also used to make assumptions about travel behavior and energy consumption of PHEVs.
This study shows that PHEVs have great potential to reduce GHG emissions. We show that the extent of these reductions is not very sensitive to daily distances driven or battery ranges (or indirectly, to charging frequency), when compared to how sensitive it is to the electricity generation mix.
The results of this study offer clear guidance, at least to some extent, 5 to the Chinese government and auto manufacturers on what CO2 emissions reductions can be achieved in road transport in China in 2020 by using PHEVs under different electricity generation mixes and different battery ranges. If concerned about the environment, potential car buyers in China could also use our findings to inform their decisions.
Methodology and Data
The specific energy consumption and carbon emissions of PHEVs are determined by two factors: energy source and the electricity/petroleum consumption split. The parameter values input into GREET correspond to China, and were sourced from Chinese data bases, as described below. As is already standard practice, lifecycle was divided in two stages: Well-to-4 Feedstock is defined as energy resources for fuel/electricity products.
5 Our results are related to a small sample, which may not be necessarily representative of the Chinese population as a whole. Having said that, our 331 survey responses are extremely similar to the 1,163
responses of a survey carried out by Deloitte Touche, which we use for comparison purposes in Section 2.2.1. Both sets of findings are also in line with Wang et al. (2006, p.28). 8 Pump (WTP) and Pump-To-Wheel (PTW).
Well-to-Pump Stage
The energy recovery and refining data input onto GREET for WTP simulation were retrieved from the latest nationwide statistics and research reports. The exact source of each piece of information is further detailed below.
Because this study focuses on the energy consumption and emissions of PHEVs, both electricity generation and gasoline production are reviewed. Other vehicle fuels such as diesel, natural gas based fuels, hydrogen and biomass-based fuels are not included, although they can also be used by the dual-power-train systems of PHEVs.
Gasoline Pathway
The two key questions when modeling the gasoline pathway are how the gasoline is produced (energy feedstock types) and how it is processed and transported. Since GREET in default mode uses data for the US case, all the data regarding gasoline production, process and transport were replaced with numbers corresponding to the Chinese case. In this section a brief overview of the assumptions is presented.
Crude oil
The oil recovery efficiency has improved for all the three major oil companies in China over the last 30 years (Zhang et al, 2007; China National Petroleum Corporation, 2011) . However, given that many oil and gas fields in China are approaching their late-stage of extracting life, the efficiency improvement rate could decline gradually in the next few years (Zhang et al, 2007; China National Petroleum Corporation, 2011) . The recovery efficiency assumptions for 2020 are therefore conservative. The crude oil recovery energy efficiency gap between China and the US in this study is assumed to remain at 5% or, in other words, the crude oil recovery energy efficiency, estimated as energy output (extracted oil) divided by energy input (residual oil, electricity, diesel and crude oil), in China in 2020 is assumed to be 93%, against 98% in the US (Zhang et al., 2007, p.37) . All the efficiency parameters described here (and further below) input on to GREET, as well as their sources, are summarized on Table A1 in the Appendix.
Gasoline
Since 1999, Chinese domestic gasoline production has met domestic demand. Therefore, this study only considers the refining efficiency of Chinese refineries. The two main oil companies, China National Petroleum Corporation (CNPC) and China Petroleum and Chemical Corporation (Sinopec), jointly supply 90% of the gasoline in China. Domestic fuel production energy efficiency is assumed to be 87% (Zhang et al., 2007) for 2020 for both CNPC and Sinopec, in contrast with 92% for the US 6 . Since 2020 is less than ten years away from the year when this paper was written (2011) the assumption of China being able to supply all of its gasoline demand in the future seems reasonable. 7 Given the very rapid growth of China's gasoline demand, this assumption would be questionable further into the future. If gasoline were to be imported, emissions could potentially go up, although this would depend on the fuel production efficiency of overseas refineries and transport modes and distances.
Transport
Apart from the energy efficiency of oil recovery and gasoline production, the transport of both crude oil and gasoline also plays an important role in the lifecycle. In China the distances that the fuel needs to be transported are large and this causes relatively high energy consumption and emissions during the energy transport process. Currently, China's imported crude oil accounts for more than 55% of national demand (ChinaIRN, 2011) and this figure could reach 60% to 80% by 2020 (Zhang et al., 2007, p. 36, Since domestic gasoline meets and will continue to meet national demand in 2020, this analysis only considers the transport of gasoline within China. The main transport modes for fuel products currently are pipeline (15%), railway (50%), barge (25%) and highway (10%) (Jia, 2003) . These shares are assumed to be the same in 2020. A considerable amount of gasoline has to be transported long distances by railway, from the north-east and north-west to the eastern provinces. The average transport distance by train is around 800 to 1,000 km ( Assuming the share of pipeline transport continues to increase at 1.2% per year, this analysis assumes 30% of total fuel products will be transported by pipeline in China by 2020. Because pipelines currently are mainly applied for short distances, the average transport distance is assumed to be 160 km. However, with the progress of new "North-to-South" and "West-to-East" energy transport projects, the distance in 2020 is assumed to be 800 km (China National Development and Reform Commission, 2006).
Electricity Pathway
At present, China's national grid is operated by two state-owned companies: State Grid
Corporation of China (SGCC) and China Southern Power Grid (CSPG). In both cases electricity is mainly generated in coal power stations. In fact 79% of all electricity in China is generated in coal power stations, as Table 1 Zhang et al. (2007, pp. 94-95) . Given the China National Development and Reform
Commission's plans to implement a renewable energy program by 2020, the share of hydro, nuclear and wind power will increase, although coal will still remain the major resource in the medium term because China has a large amount of reserves (US Energy Information Administration, 2011). The electricity transmission loss is predicted to be around 7% by 2020, a slight improvement compared to the 2010 level of 7.1% (Zhang et al., 2007, pp. 94-95) .
Two other mixes are also shown on Table 1 : a 2020 slightly cleaner than predicted electricity mix and an all nuclear mix. These two electricity generation mixes in China 2020 are hypothetical cases, used in the study for comparison purposes and sensitivity analysis.
The 2009 electricity mix was used as a reference level. The 2020 electricity mix was used as the most probable one, with the reductions accruing under those assumptions to be taken as very likely to occur if PHEVs were to penetrate the market. The 'all nuclear' electricity mix was used to show that emissions reductions would be drastic if all electricity in China were produced at nuclear power stations. Having said that, as we discuss further down, nuclear electricity generation still causes some CO2 emissions and so these would not completely disappear.
13 Zhang et al. (2007, p.94) Note: The electricity generation mixes '2020 slightly cleaner' and 'All nuclear' are unlikely and were used for sensitivity and comparison purposes only.
Pump-to-Wheel Stage
Two essential assumptions are needed for Pump-to-Wheel (PTW) simulation, which was also done with GREET: the selection of a reference plug-in vehicle for modeling and the share between electricity and gasoline consumption during vehicle operation.
The reference plug-in vehicle for modeling in this study was the Toyota Hymotion Prius with an A123 battery. The default parameters in GREET to model the PTW stage were replaced with those corresponding to the Toyota Hymotion Prius. The share between electricity and gasoline consumption during vehicle operation were also input onto GREET, based on the results from a survey we conducted in China, and which we describe below.
We chose the Toyota Hymotion Prius with an A123 battery because it was a promising prototype and the data we needed on fuel and electricity consumption was available at the time of writing this paper. We present the technical details on Table A2 in the Appendix. One drawback of this choice is that it essentially involves a conversion kit for a Prius (an OGHEV), and thus the costs, potential market, and consumer perceptions may be different.
The share between electricity and gasoline use is determined by kilometers traveled per charge, which further relates to the vehicle's electric operation range, and the required frequency of recharging. This in turn can be linked to driving behavior. A combination of a high-charging frequency rate and a low-driving distance per charge could offer nearly an all electric driving of PHEVs. This pattern would, for example, illustrate the driving behavior of workers commuting short distances by car and recharging the vehicle's battery at home every night.
To address the share of electricity and gasoline consumption, the concept of "Utility Factor"
(UF) has been introduced in recent PHEV fuel economy studies (Elgowainy et al., 2009 ) to represent the percentage of a PHEV's electricity consumption over its entire energy consumption during vehicle operation. Normally, a daily charging basis is assumed and so a Daily Kilometers Traveled (DKT) becomes the key factor that needs to be identified. For this, daily travel behavior information is required. However, there is currently no such a nationwide level survey available for China. We therefore conducted a travel and attitudinal survey. The details and findings from the survey are described below.
The Survey
The survey was conducted on the 'Auto. The survey was designed to elicit, among other things, daily distance traveled, expected battery range and acceptable lowest vehicle maximum speed. An abridged version of the questionnaire is included in the Appendix.
Three hundred and thirty one usable responses were collected and are used in this paper. Both groups of respondents reside mainly in urban and suburban areas in China. deloitte.com/view/en_GX/global/press/314e7162b8a5f210VgnVCM1000001a56f00aRCRD.htm remarkably similar trajectories, regardless of whether all modes of transport or just the car is included and regardless of whether the values correspond to our survey or the DTTL survey.
The results from both surveys are also in line with figures reported by Wang et al. (2006, p.28 ).
All trip purposes were included: commuting, shopping, recreation, and also work-related trips, as well as all other trips (such as attending medical appointments, etc.). Table 9 .15, p.166). It should be noted, however, that car ownership in China is likely to double by 2020. The mean of the long-run income elasticity of demand for car ownership is 0.74 (Graham and Glaister, 2004, p.264) . With this in mind, if income in China between 2010 and 2020 were to increase by 134.7%, as some forecasts predict (Rosen, 2012) , car ownership would increase by 99.7%.
Data Analysis
If and when a consumer decides to buy a PHEV rather than a conventional ICE vehicle, he/she will typically consider a number of issues in addition to the cost of the vehicle itself and the cost of operating it, 10 including battery capacity (i.e., for how long the car can be driven without re-charging the battery) and possible speeds. were an important advantage of HEVs and EVs.
11 Thirty-eight per cent of our respondents stated that the minimum distance per charge they would find acceptable would be 200 km, and 33% stated that it would over 200 km. Thirty-one per cent of our respondents stated that the lowest vehicle maximum speed they would find acceptable would be 100
In this paper it is assumed that drivers recharge the vehicle battery once a day. 12 As already explained above, if drivers had the necessary facilities to fully recharge the vehicle battery twice or three times a day, they would be able to drive longer distances on electricity.
Utility Factor
PHEVs can run on conventional oil-based fuels and electricity from the grid. Since their storage capacity is limited, PHEV batteries can only supply electricity to drive the vehicle for a limited number of kilometers. As a result, PHEVs operate in two modes: a charge-depleting mode, where the energy used by the car comes entirely or at least mainly from the battery, and a charge-sustaining mode, where the energy used by the car does not come from the battery (Bradley and Quinn, 2010, pp. 5399 ).
The daily distance utility factor (UF) of a PHEV can be defined as the ratio of the number of kilometers driven under charge-depleting mode to the total number of kilometers driven:
where d is the distance driven and RCD is the charge depleting range. As Bradley and Quinn (2010, p.5400) put it, the daily distance UF of a PHEV is equal to the ratio of the charge- conclude that PHEV electricity use could be increased through policies supporting non-home recharging opportunities, although this increase would occur during daytime hours and would therefore potentially increase peak electricity demand.
terms of DKT, as shown in Table 2 . Only the responses from car drivers are taken into account for these calculations, as DKT by other modes would not be a good estimate of driver behavior. Table 2 can be read as follows. The first two columns indicate the limits of the range of DKT.
For example, the first range corresponds to respondents who travel between 0 and 10 km per day. The 'Frequency' column is the number of respondents who gave that answer. The 'Share' column is the percentage of respondents with a DKT falling in that range. The rest of the columns give the daily distance UF for different RCD. Paraphrasing Bradley and Quinn (2010, p.5400), the daily distance UF is the fraction of km traveled by the sample fleet in charge depleting mode.
For example, when the RCD is 10 km, drivers with DKT between 0 and 10 km will be able to drive all those km on charge depleting mode. As long as the RCD is higher than the DKT the PHEV will be able to drive on charge depleting mode alone. When the RCD is 50 km but the DKT is between 80 and 90, drivers will be able to drive the first 50 km on charge depleting mode but they will drive the remaining 30 to 40 km on conventional fuel. The PHEV Utility Factor on the last row indicates the proportion of total DKT by survey respondents that can be driven on electricity. If the RCD is 10 km only 32.28% of DKT by all respondents can be driven on charge depleting mode, whereas if the RCD is 70 km then 94.63% of DKT by all survey respondents can be done on charge depleting mode. Table 2 shows that the UF increases when RCD increases, provided DKT remains constant, and the UF decreases when DKT increases, provided RCD remains constant. In addition to that, it should be borne in mind that if drivers were able to fully recharge the vehicle battery more than once a day, all UF estimates on Table 2 would be higher, for every combination of DKT and RCD. Source: Calculations by the authors using survey responses Figure 3 shows the daily distance UF curve for various PHEVs with RCD of 10 km to 120 km for average daily distances of 53.14 km, 79.71 km and 106.28 km, which are the average, 1.5 times and twice the average distance traveled by the drivers in the sample, respectively, on the assumption that they would not change their DKT as a result of driving a PHEV rather than a conventional ICE vehicle. As can be seen on the figure, the UF decreases when average distance traveled increases. In other words, the share of kilometers driven on battery declines the longer the distance driven.
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This is not trivial and may reflect a challenging obstacle to the mass penetration of PHEVs in China.
Travel distances in China are likely to increase with increases in car ownership (already discussed above), reductions in lower vehicle operating costs, and increases in income.
Lower vehicle operating costs cause a 'rebound effect', as is well-documented in the transport studies literature (Greening et al., 2000; Gorham, 2002 , Portney et al., 2003 De Haan et al., 2007; Evans, 2008) . In short, as costs decrease (be it fuel costs, time costs, etc.) quantity and/or length of trips increase.
The mean of the long-run elasticity of demand for car-km with respect to income is 0.73 (Graham and Glaister, 2004, pp. 263) . 13 Assuming this elasticity and the forecast real income growth used in Section 2 above (134.7%), car-km would increase by 98.4%. If this translated straight into average daily distance driven, the distance driven in 2020
would be twice as high as that reported by respondents in 2010. The UF curve relevant to the present study can therefore be assumed to be the one corresponding to DKTx2. Figure 3 and highlighted above. GHG emissions are 34% lower and total energy consumption is 38% lower.
14 These results are not substantially different from those reported in Samaras and Meisterling (2008) , who argue that PHEVs could reduce emissions in the US by 32%, compared to ICE vehicles.
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14 For the fuel cycle of baseline ICEs, the electricity is consumed in both processes of crude oil recovery and gasoline production. For instance, in the crude oil recovery process, the electricity consumption is 3872Btu for every million Btu of petroleum, which accounts for 19% of total energy consumption in this process. As the electricity is largely generated from the combustion of coal, the crude oil recovery and fuel production involve coal consumption. Tables A3 and A4 provide Table   1 Assuming that grid electricity in China continues to be mainly generated in coal power stations, coal consumption increases. It can be seen from Figure 4 that for PHEVs to be truly 'environmentally friendly' and make significant improvements on energy consumption and GHG emissions, the electricity to power them needs to be generated using clean technologies. Even though energy consumption from coal (measured in BTUs) increases, energy from all fossil fuels (coal, oil and natural gas) decreases because energy consumption from oil and natural gas (measured in BTUs) decreases.
Energy consumption from oil, unsurprisingly, declines. Energy consumption from gas also declines because the upstream process to produce gasoline involves a significant amount of natural gas and in the predicted 2020 electricity generation mix gas only
Total Energy
Fossil Fuels Coal Natural Gas Petroleum GHGs % change in energy consumption and emissions from PHEVs relative to ICE vehicles accounts for 6.8%. This would be different if China had a higher share of natural gas for electricity generation, as other countries do.
Although GHG emissions and energy consumption would both be reduced, it is
interesting to see what the changes would be if all electricity in China were produced in nuclear power stations, rather than by coal. Figure 5 shows the results of this exercise, which represents a hypothetical 'maximum reduction' in emissions. In any case, power plants are long lived investments, which also take time to be built, and ten years would not be a long enough period of time to substantially change the shares of electricity production from different sources. Furthermore, as the figure shows, emissions would not be completely eliminated. This is because nuclear power stations are associated with large amounts of indirect GHG emissions. These are caused during the facility construction and supply of materials, as well as during the operational processes, which include uranium mining, milling, conversion, fuel rod fabrication, transportation, facility operation and maintenance, and reprocessing, and activities that take place after the power station ceases to operate, such as decommissioning, nonradioactive waste disposal/recycling, and radioactive waste storage (Warner and Heath, 2012, p.S74) .
Having said that, there is consensus in the lifecycle analysis literature that 'life cycle GHG emissions from nuclear power are only a fraction of traditional fossil sources' (Warner and Heath, 2012, p.S90 ). As can be seen in Figure 5 , if electricity were generated in a clean way the reduction in energy consumption and GHG emissions resulting from using PHEVs rather than ICE ones would be drastic. Although China could not convert to all nuclear by 2020 the exercise serves as a warning of the forgone benefits from feeding PHEVs electricity produced in coal power stations. Figure 6 shows absolute CO2e emissions in grams per km for ICE vehicles and PHEVs under the four different electricity generation mixes introduced in Table 1 . ICE vehicles run on gasoline and emissions PTW do not vary with how the electricity is generated.
Emissions WTP, however, are lower for cleaner electricity generation mixes, as the
Fossil Fuels Coal Natural Gas Petroleum GHGs % change from energy consumption and emissions from PHEVs relative to ICE vehicles upstream oil recovery, refinery and fuel transport consume electricity. The figure also
shows that lifecycle PHEV emissions decline when electricity is generated using cleaner technologies. In an all nuclear mix emissions are much lower but they are not zero, for the reasons explained above, i.e., when electricity is generated from nuclear power, the upstream stage still involves fossil fuel consumption for uranium recovery, transport, and refinery for reactor use. Source: estimates produced by the authors using GREET 1.8c
Note: the electricity mixes correspond to those in Table 1 Note: The ICE vehicle emissions on this figure correspond to 2020 ICE vehicles, with a higher fuel efficiency than 2009 (current) ICE vehicles Figure 7 shows lifecycle GHG emissions from PHEVs in grams of CO2e per km under the four electricity mixes depicted in Table 1 Source: estimates produced by the authors using GREET 1.8c Note: the electricity mixes correspond to those in Table 1 Importantly, emissions decline according to how clean the electricity mix is. The reductions can be substantial, as shown on Figure 7 . Interestingly, emissions can increase with the UF, as is the case for the 2009 mix and at the margin, the predicted 2020 mix. The reason for this is that these electricity generation mixes are fairly dirty in terms of GHG emissions. A higher UF, which implies a higher percentage of km driven on charge depleting mode, entails higher electricity use. When the carbon intensity of the grid is high PHEVs using more electricity cause higher CO2 emissions than gasoline combustion. These findings are in line with those from Huo et al (2010) , Figure 7 also shows that emission reductions due to a higher UF (which might be the result of lower DKT, higher RCD, or even higher charging frequency) are not significant, when compared to those that can be achieved from cleaner electricity generation mixes. PHEVs under the predicted 2020 mix provide a 64.1% reduction in petroleum consumption and 41.4% reduction in natural gas consumption, when compared to current ICE vehicles under the same mix. Coal consumption increases by 227.7% due to the higher demand for electricity, 63% of which is generated in coal power stations under the 2020 electricity mix. Notwithstanding that, overall fossil fuel and energy consumption and GHG emissions decline. The story for PHEVs under a slightly cleaner electricity generation mix is similar.
When all electricity is assumed to be generated in nuclear power stations the results are different. PHEVs under an all nuclear mix do not increase but rather, decrease, coal consumption. Consequently, fossil fuel and total energy consumption reductions as well as GHG emissions reductions are greater in absolute terms.
Conclusions
In this paper we estimated the potential that PHEVs have for reducing energy consumption and GHG emissions relative to current gasoline vehicles in China 2020 under different electricity generation mixes and utility factors (in turn covering different combinations of average distances driven per day and battery ranges as well as, implicitly, charging frequencies).
The main findings are: (a) the way in which electricity is generated has a substantial impact on energy consumption and lifecycle GHG emissions; and (b) the utility factor (in turn determined by battery range, average daily distance driven and charging frequency) does not have much of an impact on energy consumption and lifecycle GHG emissions, in comparison with the impact that the electricity generation mix has.
Unsurprisingly, we find that the cleaner the technology used to produce electricity, the lower the absolute energy consumption and GHG emissions from PHEVs are. We also find that in a coal intensive electricity generation mix, lifecycle GHG emissions from PHEVs increase slightly with the utility factor. The reason for this is that the higher the share of total distance driven on electricity, the higher the electricity consumption will be and, if this electricity comes from coal power stations, the higher the lifecycle GHG emissions will be.
The reductions that can be achieved by PHEVs in China 2020 relative to current gasoline vehicles are therefore very sensitive to the electricity generation mix but not very sensitive to the utility factor, or in other words, to the average distance driven per day, the battery range, or the charging frequency. The reductions in energy consumption and GHG emissions are 37.5% and 35% under the predicted 2020 electricity generation mix, which assumes a share of coal of 63%, but increase to 53.9% and 64.7%
respectively under an all nuclear electricity generation mix.
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The conclusion from these findings, which can be generalised to other countries, is that increasing the battery range or charging frequency of PHEVs and/or decreasing daily distances traveled by car when the electricity generation mix is not clean will not enhance reductions in energy consumption or GHG emissions substantially, and could, when the share of coal is important, slightly increase both. Increasing the share of clean technologies used to generate electricity, on the other hand, will enhance reductions in energy consumption or GHG emissions that PHEVs can achieve relative to gasoline vehicles. Source: estimates produced by the authors using GREET 1.8c, using parameters derived from the travel survey they conducted
